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TERMINOLOGY AND SCALING PRACTICES 


The symbole and terminology used in thie report ere those adopted by 


the International Radio Propagation Conference, and given in detail on 
pages 24 to 26 of the report IRPL-C61, “Report of International Radio 
Propagation eee and in the Section on "Terminology", in reports 
IRPI~F1, 2, 3, 4, 5. 


Seginning with data reported for September, a new symbol L, defined 
as follows, is adopted for use in detailed tabulations of hourly valueeg 
of ionosphere characteristics observed at Washington: 


L or 1 = critical frequency, muf, or muf factor for Fl layer 
omitted because no definite and abrupt change in slope of the 
h'f curve occurs either for the first reflection or for any 
of the multiples. (See "Report of International Radio Propaga~ 
tion Conference," IRPIL-661, June 194%, VI 3e, v.37). 


In the past, ionospheric conditions were summarized on a monthly 
basis by using average or mean values, for each hour of the day, for 
each month. However, following the recommendations of the International 
Radio Propagation Conference, held in Washington 17 April to 5 May 19¥b, 
beginning with data for 1 Jan. 1945, median walues were used by IRPL 
wherever possible. Thus, median values are given for Washington, for 
. all stations reporting direetly to the IRPL, for the Ganadian stations, 
and for all othere sending in detailed tabulations to the {RPL, from 
which medians can be computed. 


Where averages are reported, they are, at any hour, the average for 
all the days during the month fer which numerical data existed. 


Phe monthly median values used here are the values equalled or 
exceeded on half the days of the month at the given hour. The follow= 
ing conventions are used in determining the medians for houre when no 
measured values are given because of equipment limitations and icno- 
spheric irregularities. Symbols used are thoee given in the renee’ 
referred to above, IRPL=C61. 


a. For all ionospheric characteristics: 
Values missing because of A, B, C or F (see terminology 
referred to above) are omitted from the median count. 


bo For critical frequencies and virtual heights: 
Values missing because of E are counted as equal to or less 
than the lower limit of the recorder. 
Values miesing because of D are counted as equal to or 
greater than the upper limit of the recorder. 
Values missing because of G are counted: 
1. For f°F2, as equal to or less than f°OFl. 
‘2. For h'P2, ag equal to or greater than the median. 
Valvec missing for any other reason are omitted from the 
median count. : 


ce For mf factore (M-factors) 
i Values missing because of G are counted as equel to or 
less than the median, 
Values missing for any other reéson are omitted from the 
median count. 


ad. For sporadic E (Es): 

Values of fs missing because no Es reflections appeared, 
the equipment functioning normally otherwise, are counted as 
equal to or less than the lower limit of the recorder. 

Values of fEa miseing for any other reason, and values of 
hBes missing for any reason at all, are omitted from the 
median count. 


Beginning with data for November 1945, doubtful monthly median values 
for lonospheric observations at Washington, D.C., are indicated by 
parentheses, in accordance with the practice already in use for doubtful 
hourly values. The following are the conventions used to determine 
whether or not a median value is doubtfuls 


l. If only four values or less are available, no median value is 
computed, the data being considered insufficient. 


2. For the Fe layer, if only five to nine velues are availabie, 
the median is considered doubtful, The E and Fl layers are so regular 
in their charecteristics that, so long as there ere at least five values, 
the median is not considered as doudtful. 


3, For all layers, if more than half of the values used to compute 
the median are doubtful (either doubtful or interpolated), the median 
is considered doubtful. 


It is expected that this vractice will be of assistance in evaluat-~ 
jng the monthly median Washington data. 


MONTHLY AVERAGE AND MEDIAN VALUES OF IONOSPHERIC DATA 


The ionospheric data given here in graphical and tabular form were 
assembled by the Interservice Radio Propagation Laboratory for analysis 
and correlation, incidental to IRPL predictions of radio propagation 
conditions. The following ere the sources of the data: 


Australian Council for Scientific and Industrial Research, 
Radio Research Board, Australia: 
Brisbane, Australia 
Canberra, Australia 
Cape York, Australia 
Hobart, Tasmenia 


British National Physical Laboratory, and Inter-Services Ionosphere Bureau: 
Slough, England 
Great Baddow, England 
Eurghead, Scotland 
Capetown, Union of S. Africa 
Colombo, Ceylon 
Oslo, Norway 


Cairo, Egypt 
Falkland Is. 


Canadian Radio Wave Propagation Committee: 
Churchill, Canada 
Ottawa, Canada 
St. John's, Newfoundland 
Prince Rupert, Canada 
Clyde, Baffin I. 
Victoria Beach, Canada. 


New Zealané Radio Research Committees 
Kernacec Is. 
Christchurch (Canterbury University College Observatory) 
Campbell I. 
Pitcairn I. 
Rarotonga I. 


Scientific Research Inetitute of Terrestrial Magnetism, Moscow, U.S.S.R.; 
Bukhte Tikhaya, U.S.S.R. 
Tomsk, U.S.S.R. 
Sverdlovsk, U.&.S.R. 
Moscow, U.S.S.R. 
Leningrad, U.S.§.R. 
Alma Ata, U.S.3.R. 


Carnegie Institution of Washington (Department of Terrestrial Magnetiam): 
Christmas I. } 
Fairbanks, Alaska (University of Alaska, College, slacks) 

Maui, Hawaii 

Trinidad, Brit. Weet Indies 
Huancayo, Peru 

Watheroo, W. Australia 
Adak, Alasks 


United States Army Signal Corps: 
Leyte, Philippine Is. 
Guam I. 
Tokyo, Japan - 


National Bureau of Standards: 
Washington, 0.9. 


Stanford University, 
San Pranciecc, Galifornuia 


Louisiana State University: 
Baton Rouge, Louisiana 


University of Puerto Rico: 
San Juan, PR, 


Harverd University: 
Boston, Massachusetts — 


All India Radio (Government of India), Hew Delhi, India? 
Bombay, India 
Delhi, Indie 
Madras, India 
Peshawar, India 


Radio Wave Research Laboratories, Central Broadcasting Administration: 
Shungking, China . ! 


National Wuhan University: 
Loshan, China 
fhe tables of "“provielonal data" give values as reported to the IHPL | 

by telephone or telegraph. Any errors in these valuee will be corrected 

in later issues of the F-series reports. In final data tabulations, any 
emigsion of velues previously given in provisional tabulations is indi~ 
eated ty a dash. 


fhe tebdles and graphs cf “final data* are correct for the values 
reported to the IRPL, but, because of variatione in practice in the 
interpretation of records and scaling and manner of reporting of values, 
aay at times give an erroneous conception of typical lonospheric charac- 
teristice at the etation, Some of these errors are due to: 


Ne) 


@. Differences ‘in scaling recorde where spread echcee are present. 


bd. Omission of values where f°F2 is lees than or equal to f°Fl, 
leading to erroneously high values of monthiy average or 
median values. 


@. Omission of values where criticel frequencies are less than the 
lower frequen¢y limit of the recorder, also leading to erron- 
eously high values of monthly average or media: values. 


These effects were discussed on pages 6 and 7 of the previous F~eeries 
reports, IRPIL-Fl, 2, 3, 4, and 5. 


The dashed~line prediction curves of the graphs cf icnospheric data 
are obtained from the predicted gero~muf contour charts of the IRFL-2 
series publications. Predictions for individual stetions used to con- 
struct the charts may be more accurate than the vaiues rend from tke 
chart since some smoothing of the contours ia necesssiy to slliew for 
the longitude effect within a gone. 


Discrepancies between predicted and observed values are often 
ascribable to theee effects, 


IONOSPHERIC DATA FOR EVERY DAY AND HOUR 


These data, observed at Washington, D.C., follow the scaling prac~ 
| tices given in the report IRPL-C61, “Report of International Radio 
| Propagation Conference," pages 36 to 39, and the median values are de- 
| termined by the conventions given under "Terminology and Scaling Prace- 
| tices" above. 


IONOSPHERE DISTURBANCES 


Table &2 presents ionosphere character figures for Washington, D.C., 
during April 1946, as determined by the criteria presented in the report 

| IRPIeR5, “Criteria for Ionospheric Storminese"®, together with American 
| magnetic K-figures which are usually covariant with them. 


| Table &6 gives provisional radio propagation quality figures for 
| North Atlantic and North Pacific areas, for 01 to 12 and 13 to a GOT, 
| Merch 1946, compared with IBPL daily radio disturbance warnings, which 
| are primarily for the North Atlantic paths, and ISIB daily warnings, 
the IRPL weekly redio propagetion forecasts for the A-zone, and the 
ceri! American geomagnetic aon ore 
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The radio propagation quality figures for the North Atlantic were 
prepared from radio treffic and ionospheric data, reported to the IRPL, 
in the manner described in detail in report IRPI~231, "North Atlantic 
Radio Propagation Disturbances October 1943 through October 1945", 
issued 1 Feb. 1946. 


The radio propagation quality figures for the North Pacific were 
‘prepared from radio traffic and ionospheric data, reported to the IRPL, 
in the manner described in detail in report IRPL-213, "“Ionospheric and 
Radio Propagation Disturbances, October 1943 through February 1945", 
issued 24 May 1945, 


NOMOGRAMS RELATING GY ROFREQUENCY ,ORDINARY- WAVE 
CRITICAL FREQUENCY AND EX TRAORDINARY-WAVE 
CRITICAL FREQUENCY 


The ordinary~wave critical frequency f°, extraordinary—wave critical 
frequency f*, and the gyrofrequency fH are related by the equation 


(£0)* w= £%(2% * £,) (1) 


Thus the ordinary-wave eritical frequency is accompanied by two extraordinary 
wave critical frequencies, one above it, the other (the "Z" eritical fre- 
guency)-below. In general, extraoradinary=wave ionospheric reflections 

tend to be absorbed more than ordinary-wave reflections, and the "Z" trace 

is much more absorbed than that of the extraordinary-wave reflected at fre~ 
quencies higher than that of the ordinary-wave critical frequency. For 

moet practical purposes, therefore, the above equation may be written 


(9°)? = £%(2% ~ fg) (2) 


Thie equation (or, equally well, the equation using the positive sign 
for the last term) may be represented in simple nomographic form, facilitat- 
ing its solution, in the manner shown in the report IRPL-Rl1, "A Nomographic 
Method for Both Prediction and Observation Correlation of Ionosphere Charac- 
teristics," pp.2 and 3, Fig. 8. Solutions are obtained by the alignment 
ef any three points each of which lie respectively in three scales which 
constitute the nomogram. 


The condition for collinearity of any three points on a plane, with 
coordinates xX, Ys Xo» Yoo and x3 V3 is that 


¥3-Yo yo- V4 
x3 ~- X09 Xa 7 Xy 
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which may be expressed as the determinant: 


X) J} 1 

X> Yo 1 ‘0 
1 

se a 


Taking the loweet point on the left-hand scale of the nomogram as the 
origin of coordinetes, the condition of collinearity for three pointe 
lying respectively on the three nomogrenhic scales which represent Eq. 2 
may be attained if the correeponding x and y coordinates for eech scale 
of the nomogram are the corresponding firet and second elements in the 
rows of the determinant 


where 4 and — are the scale factora for the left and righ%—hand 
scales of the nomogrem, representing, respectively, £°° and fg, H is 

the velue of fy corresponding to the height of the origin of coordinates, 
and 6 is the width of the nomogram. 


Figs. 86 and 87 presented here, as well ae Fig. 8 of the report 
IRPI-R11, are nomograms of this type. For convenience, Figs. 86 and 87 of 
this report have st the right of the fg scale a chart from which fy may 
de obtained for any latitude and tongitude. 


At high frequencies, Eq. 2 may be avproximated by 
fX ~ fo eh fp (4) 


the solution of which is sc simple that the nomographic method is of 
little advantage. Because of the greater advantage of the nomographic 
solution at low frenvencies, Fig. 87 is ccnstracted with less extended 
range of f° and f* than that shown in Fig. 86, but with these quartities 
represented by the use of greater scale factors. 


NOTE ON FEBRUARY AND MARCH SUDDEN 
IONOSPHERE DISTURBANCES 


A large number of sudden ienogphere disturbances have occurred since 
the appearance and recurrence of a large sunspot group, which was observed 
first on the east limb of the sun on 29 January. Reports received fron 
Englend, South America, California, and Australie indicate that the SID 
in Pebruary were particularly severe, causing serious interruption to 
propagation on all frequencies. In all cases, the SID occurring in the 
morning at the receiving point exhibited greater effects on reception 
from the east than from the west ané vice versa for the afternoon, be= 
cauce of passing through ¢ region where the solar zenith angle is lower. 
In Washington, reception from stations in the southern hemisphere usually 
showed greater effects of the SID than reception from other directions, 
agein because of paesing through regicus of lewer solar genith angles. 


Since the time of the beginning cf an SID depends upon the operating 
frequency and the equivalent vertical-incidernce frequency, there wae con= 
siderable variation in the tines of beginning on the obeerved pathe. 

If the burst of ioniging radiation from a bright sruptica on the sum 

is eufficientiy intense, the abnormal inerease in the feonigation of 

the D regien may be sudden enough to cause the signals on all frequencies | 
to drop out within a minute er two of each ether. 81D have been observed, 
however, wheres there wae a difference of thirty or more minutes between the 
dropping out of signals on the medium and on the high frequencies, The 
SID on i March occurred twelve minutes leter on GLH, 13525 ke, than on 
WWY 5000 ke, both reeccrded at Riverhead, Long Island, WY. fhe SID on 

30 January began at 1900 GCT on the WEEAL, 6080 ke path to Sterling, Va. 
fhe beginning ea the GLH, 13525 ke path to Riverhead was 1938 GOT, whieh 
was the time observed in Ottawa and Churchill for the dropping oat ef the 
WWY 10,000— and 19000-ke signals. It thus seeme that the abnormal in- 
crease in the icnisation of the D region over the latter paths was not 
sufficient to cause complete absorption of the GLH and WWV frequencies 
until sometime after the WEXAL frequency dropped out. 


In two cases a strengthening of the sky wave was observed at the 
beginning of an SID. On 7 February the received field intengity of XEWW, 
9500 ke, recorded at Sterling, Va. increased by a factor of 6 during the . 
twenty minutes preceding the SID. On 27 Fetruary a slight increase in 
signal strength was observed in Brentwood, England, on the WQA2, 31420-ke 
path at the time of the 81D. The strengthening of the sky wave during 
an SID has alsé been observed at very low frequencies, prebably caused 
by an inerease in the conductivity of the D region. 


fhe SID om 6 February indicated the absorption effects on various 
frequencies, The WEXAL, 6080 ks, and XEVW, 9500 ke, intensities recorded 
at Sterling, Va.,were se completely absorbed after the firet SID at 1552 
G6? that the seasonal SID at 1956 GOT was barely able to be observed, 
while the higher frequencies showed almost complete recovery before the 
ecenrrence later in the day from 2132=2205 GCT and was not intense pone 
to affect the paths eastward. 
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Plans are made to publish SID tables for world coverage regularly in 
this report. This will give us a measure of solar flare throughout the 
whole Greenwich day. As an example, SID were reported on & February at 
ola GCT from Canberra, Australia, at 0647 GCT from Brentwood, England, 
at 1552, 1956 and 2132 GCT from Washington, D.C., at 1630 GCT from 
Lobitos, Oalifornia, at 1615 GCT from Norfolk Island, at 1730 GCT from 
Kihei, Hawaii, and at 2148 GCT from Canberra, Australia. The number of 
SID observed over the world indicates that 6 February was a day of 
unusually high soler flare activity. 


ERRATA 


2. In previous issues of IRFI-F series, values of F2~M3000 for the 
Indian stations (Delhi, Bombay, Peshawar, and Madras) were average values 
instead of medians. 
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*Ionosphere character figure (I<figure) for ionospheric storminess at 
Washington, D.C., during 12-hour period, on an arbitrary scale of 
0 to 9, 9 representing the greatest disturbance. 

*®average for 12 hours of American magnetic Kefigure, determined by a 
number of observatéries, on an arbitrary scale of 0 to 9, 9 rep= 
resenting the greatest disturbance. 

®¢°Ho9 readable record. 
- #Dashes indicate continuing storm. 


Table 8 


Sudden Ionosphere Disturbances Observed at Washington, D.C. 


—_ Sr 
Day Beginning End 


Other 
phenomena 


Relative 
intensity 


Locations of 
transmitters 


Ohio, D.C., England, 
Mexico, New Bruns-_ | 
wick, Surinan, 
Gold Coast 

10 Ohio, D.C., England, 
Mexico, Surinam, 
Chile, Gold Coast 
14 Ohio, D.C., England, | 
Mexico, New Brune- 
wick, Trinidad, 
Gold Coast 


Terr,mag.pulee** 
1324.14.25 


22 Ohio, D.C., England, | 
Mexico, Trinidad, 
Chile, Gold Coast 
22 Ohio, D.C., England, 
Mexico, Trinidad, 
Chile 


"Ratio of received field intensity during SID to average field intensity 
vefore and after, for station W&XAL, 6080 kilocycles, 600 kilometers 
adi atant. 

**as observed on Cheltenhem magnetogram of the United States Coast and 
Geodetic Survey. 
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Table 8&5 
Sudden Ionosphere Disturbancee Reported by 


RCAC as Observed at Riverhead, L.1., N.Y. 


_— GCT Locations of | Relative 
Day Beginning End transmitters intensity 
at 
= | minimun?® 
Kpril i | 
5 2100 2110 D.C., England 0.3 
10 | 1528 1540 D.C., England | 0.1 
12 2328 2350 | England | 0.1 
- 23 1834 1850 | Englena 0.2 
18568 1915 | England | 0.05 
1920 1935 | England 0.1 
1940 2000 England | 0.2 
14 1438 1455 England | Oo1 
22 1430 1515 England ! 0.1 


2050 2130 England 0.2 


- 


*Ratio of received field intensity during SID to average field 
intensity before and after, for station GLH, 13525 kilocycles, 
5340 kilometers digtant. 
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EXAMPLE: 
; LATITUDE = 40°N 
s LONGITUDE = 75°W 
5 (fH=!.43 Mc) 
‘ f° =7.2 Mc 
re f* =7.9 Mc 


Fig.86. NOMOGRAM FOR OBTAINING ZERO-MUF, OR f*, FROM f° AND fr. 
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Fig. 87. NOMOGRAM FOR OBTAINING ZERO-MUF, OR f*,FROM f° AND fr. 


IRPL REPORTS 


Daily: 
Telephoned and telegraphed reports of ionospheric, solar, geomagnetic, and radio propsegation 
data from various places. 
Radio disturbance warnings. 


Semiweekly! 
TRPI=J. Radio Propagation Forecast. 


Semimonthly! 
TRPL-Ja. Semimonthly Frequency Revision Factors for IRFL Basic Radio Propagation Prediction 


Reports. (Issued with IRFL-J series approximately one week in advance.) 


soniye 
D. Basic Radio Propagation Predictions - Three months in advance. War Dept. TB 11-499- , 
monthly supplements to TM 11-499; Navy Dept. (DNC=13-1( ), monthly supplements to 
INC-13=1.) 


IBFI-F, Ionospheric Data. 


i Bimonthly? 
IBPL@G, Correlation of D. F. Errors With Ionospheric Conditions. 


terlyt 
Seo Recommended Frequency Bands for Ships and Aircraft in the Atlantic and Pacific. 
*IRPL-H, Frequency Guide for Operating Personnel. 


Special sober etc.3 
T Radio Propagation Handbook, Part L. (War Dept. TM 11-499; Nevy Dept. D¥C=13-1.) 
IRPL-C1 through C61, Reports and papers of the International Radio Propagation Conference, 


17 April to 5 May 1944. 
IRPL-R, Unscheduled reports? 
Rl. Maximum Usable Frequency Graph Paper. 
_ Be and B3. Obtsolete. ; 

Ru, Methods Used by IRPL for the Prediction of Ionosphere Characteristics and Maximum 
Usable Frequencies. 

B5. Oriteria for lonospheric Storminess. 

R6,. Experimental Studies of Ionospheric Propagation As Applied to The Loran System. 

27. Second Report on Experimental Studies of Ionospherie Propagation As Applied to 
The Loren System. 

BS. The Prediction of Usable Frequencies Over a Path of Short or Medium Length, 
Including the Effects of Es. 

RO, An Automatic Inetantaneous Indicator of Skip Distance end MUF. 

R10. A Proposal for the Use of Rockets for the Study of the Ionosphere. 

Rll. A Nomographic Method for Both Prediction and Observation Correlation of Ionosphere 
Characteristics. 

R12. Short Time Veriations in Ionospheric Characteristics. 

R13. Tonospheric and Radio Propagation Disturbances, October 1943 Through February 1945. 

Ri4, A Graphical Method for Calculating Ground Reflection Coefficients. 

B15. Predicted Limits for F2-layer Radio Transmission Throughout the Selar Cycle. 

R16. Predicted F2=layer Frequencies Throughout the Solar Oyele, for Sumer, Winter, and 
Equinox Season. 

R17. Jepanese Ionospheric Data - 1943. 

R18. Comparison of Geomagnetic Records and North Atlantic Radio Propagation Quality 
Figures - October 1943 throngh May 1945. 

R19. Nomographic Predictions of ¥2-layer Frequencies Throughout the Solar Cycle, for June. 

R20. MNomographic Predictions of F2-layer Frequencies Throughout the Solar Cycle, for 
September. 

R21. Notes on the Preparation of Skip-Distance and MUF Charts for Use by Direction- 
Tinder Stations. (For distances out to 4000 kn.) 

R22, Womographic Predictions of ¥2=-layer Frequencies Throughoyt the Solar Cycle, for 
December. 

R23, Solar=-Cycle Data for Correlation With Radio Propagation Phenomena. 

R24, Relations between Band Width, Pulse Shape and Usefulness of Pulses in The Loran 
Syston. 

R25, The Prediction of Solar Activity ap a Basia for Predictions of Radio Propagation 
Phenomena. f 

R26. The Ionogphere as a Measure of Solar Activity. 

R27. Relationships Between Radio Propagation Disturbance and Central Meridian Paesage of 
Sunspots Grouped by Distance From Center of Disc. 

R28, poneerennts Predictions of F2-Layer Frequencies Throughout the Solar Cycle for 
anuary. 

R29, Revised Classification of Radio Subjects Used in National Burem of Standards 
(N.BoS. Letter Circular LC-14 supereeding circular C385). 

R30. Disturbance Rating in Values of IRFL Quality - Figure Scale From A. T. & T. Co. 
Transmission Disturbance Reports to Replace T.D. Figures as Reported. 

R31. North Atlantic Radio Propagation Disturbances, October 1943 through October 1945, 

B32. pracerceute Predictions of F2-Layer Frequencies Throughout the Soler Cycle, for 
ebruary. ; 

he Tonospheric Data on File at IRPL. 

e The Interpretation of Recorded Values of fEs. 

R35. Comparison of Percentage of Total Time of Occurrence of Second-Multiple Bs 

Reflections and That of fs in Excess of 3 Mo. 


IRPL-T, Reports on Tropospheric Propagation. ; 
Tl, Radar Operation end Weather, (Superseded by JANP 101.) 
T2, Radar Coverage and Weather. (Superseded by JANP 102.) 


*Items bearing this symbol are distributed only by 0.8. Navy in NONREGISTERED. PUBLICATIONS 
MEMORANDA (NRPM). IRPL-A and =H issued under one cover with HRFN identifying numbers. 


